Singh et al. synthesized 1-butyl-3-methylimidazolium hydrogen sulfate ionic liquid ([bmim]HSO 4 ) and reported its application for the synthesis of coumarins (Scheme 1) 9 . Afterwards, [bmim]HSO 4 as an acidic ionic liquid has been used as an efficient IL catalyst for many organic transformations [10] [11] .
Heterocyclic compounds are important because of their biological, chemical, and technical importance 12 . Heterocyclic compounds include many natural products, for example vitamins, hormones, antibiotics, alkaloids, pharmaceuticals, herbicides, and dyes 13 .
2(5H)-Furanones are ring heterocyclic applied synthetic units in organic synthesis and are key structural elements that present in many biologically active natural products 14 . This core is the key structure to induce a wide range of biological activities like antimicrobial 15 , antifungal 16 , antiinûamatory 17 , anticancer 18 and anti-viral HIV-1
19
. Butenolide synthon is the structural module found in multitude bioactive natural products such as sarcophine 1 and rubrolide 2, which is separated from the colonial tunicate Ritterela rubra 20, 21 , as well as in synthetic drug benfurodil hemisuccinate 3 ( Figure 1 ). 
RESULTS AND DISCUSSION
In continuation of our efforts towards developing green catalysts for the synthesis of the heterocyclic compounds [23] [24] [25] and also in our efforts to continue produce furanones 26-29 we report herein, the synthesis of furanones from reaction between amines, dialkyl acetylene dicarboxylates and aldehyde in presence of ionic liquid [bmim]HSO 4 (Scheme 2). As a primary model for optimizing amount of catalyst loading, the reaction of benzaldehyde, aniline, and diethyl acetylenedicarboxylate was carried out in solvent free condition using different proportion of catalyst, Table 1 . The best result obtained with 25% mol of catalyst. Higher percentage of catalyst decreases the yield of reaction.
Scheme 2: Synthesis of furan-2(5H)-one derivatives
Optimum result of temperature reaction is shown in table 2. In order to get the optimum results for the synthesis of 3,4,5-substituted furan-2(5H)-ones , the same reaction as above mentioned was done at different temperature. Maximum yield was achieved at 75°C in 20 minutes with 93 %. 
Scheme 3: The suggested mechanism for the preparation of furan-2(5H)-one derivatives 4
The suggested mechanism for the preparation of 4 is shown in scheme 3. Initially amine 1 adds on to dialkyl acetylenedicarboxylate 2 to produce the zwitterionic intermediate A which adds to activated aldehyde with the catalyst B to form C and the latter undergoes intra-molecular addition with concomitant alcohol elimination to give the lactone 4.
In summary, we have developed an efficient three-component reaction for the synthesis of 3,4,5-substituted furan-2(5H)-ones from reaction between anilines, dialkylacetylenedicarboxylates and aromatic aldehydes at 75 °C using ionic liquid [bmim]HSO4. The one-pot operational simplicity, good to high yields and easy work-up are the prominent advantages of this method.
EXPERIMENTAL Chemistry
Melting points and IR spectra of all compounds were measured on an Electrothermal 9100 apparatus and a JASCO FTIR 460 Plus spectrometer, respectively. The 1H and 13C NMR spectra were recorded on a Bruker DRX-400 Avance instrument with CDCl3 as solvent at 400 and 100 MHz, respectively. Elemental analyses were performed using a Heraeus CHN-O-Rapid analyzer. The mass spectra were recorded on an Agilent Technology (HP) spectrometer operating at an ionization potential of 70 eV. All reagents were purchased from Merck (Darmastadt, Germany), or Fluka (Buchs, Switzerland), and used without further purification.
General procedure
The mixture of aldehyde (1.0 mmol), amine (1.0 mmol), dialkylacetylenedicarboxylate (1.0 mmol) and acidic ionic liquid [bmim] HSO4 (25 mol %) were stirred at 75 °C. After completion of the reaction (monitored by thin-layer chromatography, TLC), the reaction mixture was washed with water, then, washed with ethanol (3×3 ml) to obtain a pure product. Spectral data of unknown products are represented below. With the optimized conditions, the performance of the reaction was studied using a variety of anilines, aldehydes and dialkyl acetylenedicarboxylate to generate furan-2(5H)-one derivatives. The results are summarized in Table 3 . These results indicate the effectiveness of electron-withdrawing and electron-releasing groups on the time and yield of the reaction. Benzaldehyde derivatives with electron-withdrawing groups react with aniline better than electron-donating groups for generation of furan-2(5H)-ones in good to high yields. In our research work, aliphatic aldehyde and aliphatic amine such as propanal and 1-buthylamin did not tolerate the reaction.
Compound 4l
Colorless solid; tert-butyl 2,5-dihydro-5-oxo-4-(phenylamino)-2-p-tolylfuran- 
